On rare occasions, tumors acquire the ability to move among individuals as a contagious disease.
1,2 For a tumor to become contagious, malignant cells must have a physical route of transmission between individuals, must be able to grow in a new microenvironment and must evade host immune responses. These challenges are similar to those faced by a metastasizing cancer cell within a single individual, with the key difference that once the tumor leaves its original host it becomes an allograft. The immune system is generally very efficient at detecting and responding to allografts. For this reason, even though endogenous cancers can be difficult for the immune system to deal with, contagious cancers should be easily rejected.
One such contagious tumor, devil facial tumor disease (DFTD), emerged around 1996 among Tasmanian devils, carnivorous marsupials that are confined to the island of Tasmania. Robust evidence suggests that DFTD cells are physically transmitted from animal to animal, rather than arising from a transforming viral infection. [2] [3] [4] DFTD is characterized by growth of large tumors on the face and neck of infected animals. Together with the propensity of devils to bite and jaw wrestle during feeding, this suggests that DFTD is transmitted by biting. 2 No devils have been reported to raise protective immune responses against DFTD and the disease is presumed to be fatal, with metastasis occurring in ~65% of cases. 5 DFTD has had an alarming effect on the population of Tasmanian devils, with local declines of up to 83%. 5 As histocompatibility barriers usually prevent the transplantation of foreign grafts between individuals, we asked whether DFTD cells express MHC molecules. Towards this aim, we developed two antibodies, one against the cytoplasmic tails of devil MHC class I α chains and one specific for native devil β 2 -microglobulin (β 2 m), a protein that associates with MHC class I α chains. By means of these antibodies, we detected only very low levels of MHC class I molecules within DFTD cells and at most trace amounts of β 2 m on the cell surface. Immunohistochemical assays confirmed that primary DFTD tumors also exhibit very low levels of β 2 m. In order to determine the reasons for such a lack of MHC class I molecules and β 2 m, we examined gene expression at the mRNA level. We found that DFTD cells only exhibit trace levels of transcripts for β 2 m, and transporter associated with antigen presentation (TAP) 1-and TAP2 coding transcripts. These results explain the loss of MHC class I molecules, because in the absence of β 2 m and peptides (which are pumped into the endoplasmic reticulum by the TAP heterodimer), MHC class I molecules are unstable and are retained in the endoplasmic reticulum. 6 Thus, DFTD cells lack MHC class I molecules on their surface due to the downregulation of genes that are essential for antigen presentation, in turn explaining why host devil CD8 + T cells do not recognize allogeneic DFTD cells (Fig. 1) .
In human tumors, MHC class I molecules are often lost owing to structural mutations in various important genes, which permanently shut off transcription. 7 We found no evidence for haplotype loss or for structural mutations in the coding regions and promoter regions of the β 2 m, TAP1 and TAP2, genes. Such a lack of structural mutations led us to investigate potential epigenetic changes that would affect the transcription of these genes. While we found no evidence of hypermethylation in the corresponding promoter regions, the inhibition of deacetylases led to the upregulation of β 2 m and TAPs. 6 Thus, changes in the acetylation state of promoters affect transcription of β 2 m and TAPs in DFTD cells. However, treatment with deacetylase inhibitor did not restore the expression of MHC class I molecules on the surface of DFTD cells in vitro. Armed with this knowledge, we decided to test the effect the devil facial tumor disease (DFtD) is a contagious cancer that has recently emerged among tasmanian devils, rapidly decimating the population. we have recently discovered that DFtD cells lose expression of MhC molecules on the cell surface, explaining how this tumor avoids recognition by host CD8 + t cells.
unclear. Despite the success of DFTD as an infectious pathogen, the allograft nature should facilitate the stimulation of the immune system by tumor cells if they express MHC class I molecules. In vivo experiments are urgently needed to determine whether a whole-cell vaccine could efficiently prevent the further spread of DFTD and contribute to saving the Tasmanian devil in the wild. Finally, transmissible cancers have been reported in humans, primarily passing from the mother to the fetus 8 or being transmitted with transplants. 9 Thus, understanding naturally occurring contagious tumors in animals is important in case such a cancer would emerge among humans.
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Our results raise interesting questions about the evolution of DFTD and about how this tumor interacts with the immune system. The only other naturally occurring contagious cancer, canine transmissible venereal tumor (CTVT), is not fatal, due to a modulation of MHC expression that allows the dog immune system to control tumor growth. 1 The ability of DFTD cells to regulate the expression of MHC molecules suggests that DFTD may evolve into a less aggressive disease that is controlled by the immune system. In addition, it is likely that DFTD exploits other, hitherto undiscovered, mechanisms to evade immune responses. For example why host natural killer (NK) cells do not respond to the absence of an inhibitory self-signal (as normally provided by MHC class I molecules) on the surface of DFTD cells remains of pro-inflammatory cytokines on MHC class I expression by DFTD cells.
The treatment of DFTD cells in vitro with recombinant devil interferon γ (IFNγ) resulted in significant upregulation of MHC class I molecules on the cell surface as well as upregulation of class II transactivator (CIITA) and MHC class II gene expression. 6 Interestingly, we observed rare instances of strong β 2 m expression by primary DFTD biopsies in which malignant cells were adjacent to clusters of CD3 + lymphocytes. Thus, the antigen processing and presentation machinery of DFTD cells is functional in vitro and in vivo, indicating that the devil immune system does respond to DFTD. We propose to exploit the fact that DFTD constitutes an allograft and employ DFTD cells induced to express MHC class I molecules as a whole-cell vaccine against this contagious tumor (Fig. 1) . 
